Objectives: Determine potential risk factors for progressive visual field loss in the Idiopathic Intracranial Hypertension Treatment Trial, a randomized placebo-controlled trial of acetazolamide in patients with idiopathic intracranial hypertension and mild visual loss concurrently receiving a low sodium, weight reduction diet.
Idiopathic intracranial hypertension (IIH) is a disorder primarily of overweight young women characterized by increased intracranial pressure with its associated signs and symptoms. Neuroimaging and CSF analysis are normal except for findings related to increased intracranial pressure, and no secondary cause of intracranial hypertension is apparent. The above features comprise the modified Dandy criteria for IIH. 1 We have completed the Idiopathic Intracranial Hypertension Treatment Trial (IIHTT), a multicenter, randomized, double-masked, placebo-controlled clinical trial of acetazolamide in participants with IIH and mild visual loss. All participants received a weight reduction program including a low sodium diet. Participants were randomized to receive either acetazolamide or placebo and were followed for 6 months. We found that the acetazolamide group had significantly improved visual field function, papilledema grade, quality-of-life measures, and CSF pressure reduction relative to the placebo group. 2 The major morbidity of IIH is visual loss. Studies estimating the lifetime incidence of blindness in patients with IIH vary with studies from academic centers giving estimates that are in the 5% to 10% range. 3, 4 During the 6-month period, 7 participants (4.2%) had substantial worsening of their IIH and met study criteria for treatment failure; 6 were in the placebo group. Herein, we report these cases and investigate potential risk factors for progressive visual field loss.
METHODS Standard protocol approvals, registrations, and patient consents. The study was approved by the institutional review board at each participating site, and individual written informed consent was obtained. The study was conducted in accordance with the Declaration of Helsinki. Participants were enrolled at 38 sites in North America from March 2010 to November 2012, with follow-up ending in June 2013. Trial registration at clinicaltrials.gov (identifier: NCT01003639).
Participants. Participants aged 18 to 60 years were eligible if they met the modified Dandy criteria 1 and had reproducible mild visual loss (22 to 27 dB perimetric mean deviation [PMD] ) in the most affected eye (study eye). Participants needed to have bilateral papilledema, have an elevated CSF opening pressure, be untreated for IIH, and have no secondary cause of increased intracranial pressure present; other entry criteria are found in our methods article. 5 Intervention. A specific dietary plan and lifestyle modification program was offered to all study participants through the New York Obesity Nutrition Research Center. The study drug was acetazolamide (250 mg) or matching placebo tablets. The initial dosage of study drug was 4 tablets daily in 2 divided doses followed by dosage increases of 1 tablet every week up to a maximum dosage of 4 g daily for those receiving acetazolamide. Participants who were unable to tolerate the study drug could gradually decrease the dosage to a minimum of one-half tablet daily.
Treatment failure criteria. Possible treatment failure was considered to be the classification when a participant with baseline PMD up to 23.5 dB had visual function worsen by more than 2 dB PMD from baseline in either eye or when a participant with baseline PMD between 23.5 and 27 dB had visual function worsen by more than 3 dB PMD from baseline in either eye. The worsening in PMD needed confirmation by a second perimetric examination. To be classified as a treatment failure, an adjudication committee, using all available clinical information, decided whether the worsening of PMD was most likely due to uncontrolled intracranial pressure and worsening of IIH or was due to another cause (such as poor perimetric performance). 5 Participants who experienced treatment failure were withdrawn from further participation in the trial and referred to their physicians for additional treatment.
Evaluations. Participants had visits at screening, baseline, and 1, 2, 3, 4.5, and 6 months after baseline and had unscheduled visits if symptoms worsened. Participants had automated perimetry in both eyes using Humphrey Field Analyzer SITA Standard program 24-2. The testing was performed by a technician certified by the Visual Field Reading Center. Each participant had at least 2 initial visual field examinations that were reviewed by the Visual Field Reading Center and met study criteria. 5 The papilledema grade (Frisén Scale) 6, 7 was documented by the Photographic Reading Center using fundus photographs and by the site investigator; values range from 0 (normal) to 5 (severe papilledema). A best corrected visual acuity using trial lenses mounted in spectacles was measured using Early Treatment Diabetic Retinopathy Study (ETDRS) charts. Details of other evaluations can be found in the primary trial report. 2 Schedule of evaluations. The vital signs, ophthalmologic examination, visual acuity testing, perimetry, and papilledema evaluation were performed at each planned follow-up and unscheduled visit.
Statistical analysis. Analyses were conducted to investigate potential risk factors for treatment failure. Among the 165 participants in the study sample, 7 participants experienced treatment failure. To allow enough time for observing a treatment failure, 14 participants who withdrew from follow-up before the 2-month visit were excluded, leaving 151 participants for analysis. These 14 participants (9 on placebo and 5 on acetazolamide) did not remain in the trial for a sufficiently long period to allow determination of treatment failure. Their baseline features were not unusual, with mean (SD) values as follows: PMD 23.3 (0.9), papilledema grade 2.9 (1.0), and visual acuity 57.6 (3.5) in the study eye. Of note, 5 of these participants did not return for any follow-up visits after baseline (lost to follow-up). Of the other 9 participants who were evaluated at month 1, 5 were lost to follow-up, 3 withdrew because of adverse events and/ or the time commitment, and 1 (on placebo) was initially declared to have experienced treatment failure but was later deemed by the adjudication committee to have poor perimetric performance. None of these 9 participants had clinically significant changes at month 1.
We investigated 18 potential risk factors based on previous reports and our clinical experience, all measured at the baseline visit: age, race, sex, body mass index (BMI), papilledema grade in the study eye and in the nonstudy eye, weight change in the 6 months before entry, PMD in the study eye and in the nonstudy eye, visual acuity in the study eye and in the nonstudy eye, CSF pressure, number of episodes of transient visual obscurations (TVOs) per month, headache severity (0-10 scale), days of headache per month, days of pulsatile tinnitus per month, and days of nonpulsatile tinnitus per month.
Separate logistic regression models were used to examine the associations between each of the potential risk factors and treatment failure. Because of the small number of treatment failures, we used the Firth penalized likelihood approach 8 for continuous variables and exact (conditional) logistic regression for categorical variables to estimate odds ratios (ORs) and associated confidence intervals (CIs).
We also performed exploratory classification tree analyses to predict treatment failures based on the given potential risk factors. The x 2 automatic interaction detection technique [9] [10] [11] was used to construct a classification tree using both categorical and continuous risk factors. For continuous risk factors, the variable was divided into 10 categories of approximately equal size in implementing the procedure. Significance levels of 5% and 10% were used for both splitting nodes and merging categories based on the results of x 2 tests examining the association between the risk factor and the outcome of treatment failure. Each final node of the tree results in a classification of participants as experiencing either treatment failure or nonfailure and misclassification probabilities are readily estimated.
RESULTS Overall, 147 women and 4 men were included in the analyses, and of the 7 participants who met criteria for treatment failure, 5 were women and 2 were men (table 1). Six of the 7 participants who experienced treatment failure were in the placebo group. All 7 participants who experienced treatment failure (100%) had grade III to V papilledema in the study eye, compared with 75 of 144 participants (52%) who did not experience treatment failure (table 2) (table 1) .
Criteria for treatment failure were met by the study eye in all cases and by both eyes in 4 cases. All 7 treatment failures occurred in Caucasians (table  1) ; this race group represented 92 of the 151 participants (64%) who reached the 6-month outcome. The time from study enrollment to treatment failure ranged from 12 to 167 days (table 3) . The mean baseline CSF pressure of the treatment failure group was 374.6 with a range of 220-510 mm H 2 O (table  3) . Case histories of the 7 patients can be found in the supplemental data on the Neurology ® Web site at Neurology.org (case reports).
Individual logistic regression analyses (table 1) showed that male sex, high papilledema grade, and ETDRS chart acuity loss in the study eye at The results of the exploratory classification tree analyses are provided in the figure, A and B. Frisén papilledema grade and the number of TVO episodes were selected as classification variables for the analysis that used a more stringent significance level (5%) for identifying a new node (figure, A). When the significance level was less stringent (10%), visual acuity in the best eye was also identified as a classification variable. The tree based on a 5% significance level for splitting had the first split based on Frisén grade for the worst eye at stage V, and the second split based on the number of TVO episodes per month greater than 31 for patients with a Frisén grade of I to IV. A classification rule that classifies patients with Frisén grade for the worst eye at stage V, or patients with grade of I to IV but with .31 TVO episodes per month as experiencing treatment failure, and others as nonfailure, has an overall misclassification rate of 17.2%, a misclassification rate of 0.0% for treatment failure (i.e., 0.0% false-negatives), and a misclassification rate of 18.1% for nonfailure (i.e., 18.1% false-positives).
The tree based on a 10% significance level for splitting had the first split based on Frisén grade for the worst eye at stage V, stages I-II, and stages III-IV, and the second split based on the number of TVO episodes per month .31 for patients with a Frisén grade of III-IV. The third split is based on the visual acuity in the best eye #55 letters correct for those with a Frisén grade of III-IV and number of TVO episodes per month .31. A classification rule that classifies patients with Frisén grade for the worst eye at stage V, or patients with grade of III-IV but with the number of TVO episodes per month .31 and visual acuity in the best eye #55 letters correct as experiencing treatment failure, and others as nonfailure, has an overall misclassification rate of 3.3%, a misclassification rate of 14.3% for treatment failure (i.e., 14.3% false-negatives), and a misclassification rate of 2.8% for nonfailure (i.e., 2.8% falsepositives). Compared with the classification rule in the figure, A, this classification rule yields slightly fewer false-positives and slightly more false-negatives. DISCUSSION We found high-grade papilledema to be a significant risk factor for treatment failure in our cohort of IIHTT participants with mild visual loss. Other significant risk factors in this group included the number of TVO episodes per month and decreased visual acuity in the study eye, the eye with the most visual field loss at baseline. Participants experiencing treatment failure were also more likely to be male, although the number of male participants in our study was very small (n 5 4).
While it has been shown that there is a significant relationship between papilledema grade and average amount of visual field loss, the reported relationship was relatively weak. 12 Others have reported worsening vision in patients with IIH and high-grade or atrophic papilledema or peripapillary subretinal hemorrhage. 13 The IIHTT participants on acetazolamide had lower risk of treatment failure (1 of 86 in the acetazolamideplus-diet group vs 6 of 79 in the placebo-plus-diet group; p 5 0.06) suggesting a protective effect of acetazolamide. 2 This may be attributable to the finding in the IIHTT that acetazolamide had a large and Table 2 Frisén papilledema grades from the Photographic Reading Center comparing participants who did and did not experience treatment failure Abbreviation: PMD 5 perimetric mean deviation. significant effect on reduction of papilledema, with much of the effect occurring in the first month. 2 Given the potential role of acetazolamide in reducing the risk of treatment failure, the identified risk factors may be more relevant for participants with mild visual loss not treated with acetazolamide. A variety of risk factors have been suggested for poor visual outcome in IIH. Marked recent weight gain has been shown to be significantly associated with poor visual outcome in a prospective study. 4 Patients with BMI more than 40 kg/m 2 have been reported to be more likely to have severe papilledema and to have a trend toward more visual loss.
14 Similar to our findings, others have reported that men are at higher risk of poor visual outcome. 15, 16 We found TVOs with an average of more than one per day to be useful in a classification tree analysis to predict treatment failure. TVOs are episodes of visual loss that usually last less than 30 seconds and are followed by restoration of baseline sensory visual function. They are reported by about two-thirds of patients with IIH. 4, 17 The cause of these episodes is thought to be transient ischemia of the anterior optic nerve or disc coupled with the optic nerve head being under elevated pressure. 18, 19 Although this symptom has been suggested as a risk factor for visual loss 13 and might be used as an indication for surgical intervention, 20 other authors have not found it to be associated with poor visual outcome. 3, 18, [21] [22] [23] One study has reported a significant association between TVOs and visual loss. 13 They found TVOs occurred in 88% of eyes with severe visual loss and only 50% of all eyes (p 5 0.05). They also reported presence of optociliary collaterals, older age, anemia, and high myopia as other risk factors for visual loss.
Two of the risk factors for poor outcome are optic disc-related. As discussed above, TVOs are related to high optic disc tissue pressure. Their mechanism is likely brief optic disc ischemia since they are of acute onset, rapidly resolve, and often occur upon standing. In another IIHTT-related study, we found a significant association between CSF pressure and papilledema grade at baseline. 24 Therefore, participants with high-grade papilledema have higher CSF pressures that may lead to high optic nerve tissue pressure and TVOs. We speculate that visual acuity is a risk factor for poor outcome since grade II papilledema or greater must be present to have the related papillomacular retinal nerve fiber bundle involved by optic disc swelling; the presence of visual acuity loss may be from its association with high-grade papilledema.
The time from the baseline visit to treatment failure ranged from 12 to 167 days with a mean of 84 days. The patient might do poorly at the time of diagnosis or much later. This finding supports frequent follow-up of recently diagnosed patients with IIH, at least until it is clear their papilledema is low grade. The main weakness of our study is the small number of treatment failures along with the restrictive entry criteria, particular regarding mild visual loss. Therefore, the results should be interpreted with caution and may not be generalizable to all patients with IIH. Also, the small number of treatment failures precluded examination of multivariable logistic regression models that adjust for confounding; for example, the increased odds of treatment failure in men may be explained, at least in part, by their increased likelihood of presentation with visual acuity loss, as has been suggested in previous studies. 16 Finally, the analyses, including the classification tree analyses, require cross-validation in other cohorts of patients with IIH and mild visual loss; the stated misclassification rates, for example, are optimistic given that the classification rules were derived from the same dataset. As noted above, the results may be most relevant to patients with IIH treated with diet alone (without acetazolamide).
Risk factors for treatment failure appear to be high-grade papilledema, decreased visual acuity in the study eye, and male sex. TVOs in those with grade III or IV papilledema may be useful in identifying patients with IIH who are at risk of poor outcome. Patients with IIH who have these risk factors should be monitored closely for progressive visual loss and intensive treatment should be considered.
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